Patients with pontine hemorrhage usually experience severe disturbances of consciousness, pupillary abnormalities, quadriparesis, and respiratory failure. However, little is known regarding cognitive dysfunction in patients with pontine hemorrhage. We report the case of a rehabilitation patient presenting with hemiplegia, ataxia, and cognitive dysfunction caused by a pontine hemorrhage. A 55-year-old, right-handed male suffered sudden onset of vertigo, dysarthria, and hemiplegia on the right side. He was diagnosed with brain stem hemorrhage, and conservative treatment was administered. The vertigo improved, but dysarthria, ataxia, hemiplegia, and gait disorder persisted. He was disoriented with respect to time and place and showed a poor attention span, impaired executive function, and reduced volition. A computed tomography revealed hematomas across the pons on both sides, but no lesions were obvious in the cerebellum and cerebrum. Single-photon emission tomography showed decreased perfusion in the brain stem, bilateral basal ganglia, and frontal and parietal lobes in the left hemisphere. The patient received exercise therapy and cognitive rehabilitation, and home modifications were performed to allow him to continue living at home under the supervision of his family. His symptoms improved, along with enhanced regional cerebral blood flow to the frontal and temporal lobes. These findings suggest that the pontine hemorrhage caused diaschisis resulting in secondary reduction of activity in the cerebral hemisphere and 214
Introduction
Primary pontine hemorrhages are rare and account for approximately 5-10% of intracranial hemorrhages [1, 2] . However, the prognosis of the disease is poor, with the overall mortality rate being 40-50% [3, 4] . Moreover, patients with pontine hemorrhage usually experience severe disturbances of consciousness, pupillary abnormalities, quadriparesis, and respiratory failure [3, 5] . However, little is known regarding cognitive dysfunction in patients with pontine hemorrhage. Recently, we had the opportunity to examine a rehabilitation patient who presented with hemiplegia, ataxia, and cognitive dysfunction caused by a pontine hemorrhage.
Case Report
The patient was a 55-year-old, right-handed male with 12 years of experience in education, with no prior history of neurological problems, metabolic complications, or any preexisting neuropsychological conditions, and he worked as a carpenter. He was brought to the local physician by ambulance following sudden onset of vertigo, dysarthria, and hemiplegia on the right side. A brain stem hemorrhage was diagnosed based on cranial computed tomography (CT) findings, and conservative treatment for hypertension and brain swelling was initiated. The vertigo improved, but dysarthria and hemiplegia persisted. The patient was referred to our hospital for rehabilitation 25 days after the onset of stroke.
Neurological Examinations
Initial examination revealed dysarthria, horizontal nystagmus, and Horner's sign on the left side. Right-sided paralysis (Brunnstrom stage upper 2, lower 2, finger 1) including the right facial area, increased deep tendon reflex, and extensor plantar reflexes (Babinski sign) were also observed. The patient also exhibited hypoesthesia of the right side of the body, including the face, and ataxia of the left upper and lower limbs and trunk.
Neuropsychological Tests
The patient remained polite and cooperative throughout the examinations. He was disoriented and made errors regarding dates and places, although he remembered past events well and recalled childhood experiences and conversations conducted before the illness. No confabulation was observed. The results of the neuropsychological tests are shown in table 1. His Mini-Mental State Examination score was 22/30, the frontal lobe assessment battery score was 7/18, and the digit span retention score was 5 for forward and 2 for reverse recalls. On the Auditory Verbal Learning Test, his immediate recall scores were 3, 6, 4, 5, and 7 of 15, the delayed recall score was 6/15, and the recognition score was 10/15, while his Raven's colored progressive matrices score was 33/36. 
Neuroradiological Examination
A CT at the onset of stroke revealed hematomas across the pons on both sides, but no obvious lesions in the cerebellum and cerebrum ( fig. 1) . A subsequent CT, obtained 1 month later, showed that the hematoma had been absorbed and localized. However, the singlephoton emission computed tomography (SPECT) imaging performed at approximately the same time revealed reduced perfusion in the brain stem, bilateral basal ganglia, and frontal and parietal lobes in the left hemisphere ( fig. 2a) .
Activities of Daily Living and Clinical Course
The patient could not function without help because of various neurological deficits such as severe hemiplegia and sensory impairment in the right side, limb ataxia on the left side, dysarthria, and cognitive dysfunction. The overall functional independence measure (FIM) score was 20 (13 on motor items and 7 on cognitive items; fig. 3 ). We set a target of the patient requiring only moderate assistance at the time of discharge.
To treat his severe ataxia and paresis, the patient received physical therapy comprising exercises to improve balance while sitting/standing and mobility in movement. Cognitive rehabilitation in occupational therapy included memory training and attention process training, which resulted in general improvement of mental functions, including improvement of attention impairment. Dysarthria was treated by a speech pathologist using brief exercises for communication skills.
The patient was encouraged to get out of bed during the day. Two weeks after admission, he could stand up and move using knee-ankle-foot orthosis with moderate assistance.
Although the right hemiplegia (Brunnstrom stage upper 3, lower 4, finger 4) and ataxia symptoms on the left side showed slight improvement, the patient exhibited increased motivation for training and could perform stand-up exercises 100 times/day under supervision and undergo walking training in the parallel bars with mild assistance. Because the patient performed stand-up exercises 300 times/day, we could improve his goal to activities of daily living (ADL) independence at home after 2 months. Additionally, we instructed his family members to provide assistance while walking. After 3 months, the patient could dress and groom independently and also eat all three meals. After 4 months, muscle strength in the lower extremities and standing balance improved, and he could go to the toilet and transfer to bed independently. He could walk with the help of an ankle-foot orthosis and a side cane, under the supervision of his family. We prescribed a plastic ankle-foot orthosis for use in the bathroom.
The patient's family was extremely cooperative, and after completion of home modifications, the patient repeated sleep-overs to train himself. He was discharged 5 months after the onset of stroke because he could walk and perform ADL, such as grooming, dressing, and eating, independently. The patient required moderate help when walking outside, and for practical purposes, he used a walker for movement. The overall FIM score was 105 (72 on motor items and 33 on cognitive items) at the time of discharge. SPECT performed at discharge showed an improvement in cerebral blood flow in the posterior fossa and the cerebral hemispheres in the frontal and temporal lobes bilaterally ( fig. 2b ).
Discussion
Generally, pontine hemorrhages have a poor prognosis, with generally no improvement in ADL or rehabilitation. Prognosis is particularly poor in cases that exhibit loss of consciousness, hematomas extending beyond the pons into the midbrain and medulla, ventricle rupture and hydrocephalus, or a hematoma volume of >6 ml [6, 7] . In the present case, the hematoma was localized on the left side of the pons, there was no ventricle rupture or hydrocephalus, and bleeding was nonfatal. However, the patient still exhibited severe right hemiplegia, ataxia on the left upper and lower limbs, dysarthria, dysphagia, and cognitive impairment, all of which greatly inhibited ADL. After hospitalization, the patient gained independence in movement and exhibited improvement in cognitive impairment, enhancing his ADL scores.
Cognitive impairment caused by pathological changes in the brain stem has been gaining attention recently. D'aes and Mariën [8] reviewed 75 patients who had experienced brain stem stroke and also examined 3 additional patients and reported that affected cognitive functions such as decline in general intellectual capacity, attention, executive functions, memory, visuospatial skills, language, and praxis were observed. Hoffmann and Watts [9] reported that cognitive impairment was found in the acute phase of brain stem stroke, along with a reduction of blood flow to the frontal and parietal lobes. We previously reported that patients with pontine hemorrhages who showed improved cognitive impairment also exhibited enhanced cerebral blood flow on the tent [10] . Based on these reports, it is suggested that impaired cerebral blood flow in the cerebral hemisphere occurs during the acute phase and causes cognitive impairment. However, in the present case, because there was no direct damage to the cerebral cortex, the functional prognosis of cognitive impairment was favorable. Anatomically, corticopontocerebellar tracts are present in the pons and form the largest fiber connection connecting it to the cerebral cortex [11] . Because approximately half of the nerve fibers connecting the cerebral cortex to the cerebellar hemisphere on the other side have nerve endings in the internuclear region of the pons [12] , there is a high possibility of a pontine hemorrhage interrupting this connection [13] and causing cognitive impairment. Furthermore, because the pons is related to the brain stem reticular formation regulation system and hypothalamus regulation system [14] , there is the added possibility of impairment causing network dysfunction in the cerebral hemisphere. Our findings also indicate that the pontine hemorrhage causes diaschisis, resulting in secondary reduction of activity in the cerebral hemisphere and occurrence of cortical symptoms.
Setting rehabilitation goals for pontine hemorrhage patients with severe neurological disorders is often difficult [15] , and it is less common for these patients to be discharged from the hospital compared to other brain hemorrhage patients [16] . In the present case, the fact that cognitive impairment improved in the early stage helped in setting higher goals. We believe that improved ADL were observed because of the cognitive function test, increased motivation for training, and promotion of rehabilitation. Rehabilitation is necessary because patients with pontine hemorrhage sometimes show cognitive impairments, which can gradually improve. However, the patient still exhibited severe neurological impairment such as right hemiplegia, ataxia of the left upper and lower limbs, and dysarthria. Although discharging him appeared difficult, his family members encouraged him to start rehabilitation after 2 months. Discharging the patient becomes easier if family members living with the patient can acquire nursing skills necessary for the care at home [17, 18] . In the present case, because the patient could move and walk with the assistance of his wife and daughter, the necessity for active instructions for the family members was recognized in the rehabilitation ward. SPECT 31 days (a) and 187 days (b) after stroke onset. SPECT 31 days after stroke onset revealed reduced perfusion in the brain stem, bilateral basal ganglia, and frontal and parietal lobes in the left hemisphere. SPECT 187 days after stroke onset showed an improvement in cerebral blood flow in the posterior fossa and the cerebral hemispheres in the frontal and temporal lobes bilaterally.
